The algorithm for determining the residual service life of the stand, which consists of an asynchronous motor, clutch and worm gear, is developed. As a comprehensive approach the analysis of mechanical and electrical drive diagnostic parameters is considered. The change in vibration speed and spectral coefficients of the wavelet analysis of the stator electric current is investigated under load in the presence and absence of defects. The equation is received to determine the residual service life.
Introduction
With increasing of automation in modern production requirements for reliability are rising up. To avoid emergency stop of automated processing equipment, it is necessary to carry out the diagnosis and to predict the unit accidents, which may occur during operation. Thus, an equipment diagnosis is becoming the most promising and fastest growing aspect of modern production and the definition of residual life -is the basis for the most cost-effective functioning of components and machines.
In [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] questions of diagnostics for electric motors and processing equipment are considered. Also the attention is paid to find a residual service life by means of fuzzy logic [1, 3] .
In [5] [6] [7] mechanical and electric diagnostic parameters for definition of technical condition of the electromechanical drive were investigated. Changes of a range of vibration speed and coefficients of wavelet-transformation of electric current of the stator are revealed at absence and existence of various defects.
Experimental Section
Experimental research was conducted at the stand consisting of the asynchronous motor, the coupling and the worm reducer. For definition of a residual service life a number of experiments was carried out. It is revealed that such kind of malfunction as lack of greasing in a gear can lead to emergence of a certain defects of a tooth gearing. Therefore, at the laboratory stand emulation of such type of malfunction was carried out. The photo of the stand is given in fig. 1 .
The vibrator inverter АР2019 (fastening on the coupling using a magnet) and current sensors LEM LA-55P (installation on 3 phases of the asynchronous motor's stator) were used.
All data were recorded in a mode with load of worm-and-wheel reduction unit (M = 32 Nm).
Electric motor power P = 0,18 kW. Rotation speed N = 1350 rpm. Worm gear is МЧ-40М-31,5-47,6-51-5-1С-У3. The oscillograph Tektronix TDS3014 was used to record signals and process them in MathCAD and MathLAB software.
Data collection parameters: the number of samples N = 10000, reading data time t = 2 s, the period dt = 0.0002 s, sampling frequency υ = 5000 Hz.
As basic data parameters of the serviceable drive are received. The oscillogram of vibration acceleration and a range of vibration speed of completely serviceable electromechanical drive under loading are given in fig. 2 and 3 . The general level of vibration, equal 448,31 mm /с 2 is recorded. The received wavelet transformation coefficients for the first phase of the stator for the serviceable drive are given in fig. 4 . In the analysis Daubechies wavelets (db-8) were used. For the analysis of the motor current a table 1 was correspond to the coefficients of the wavelet transform bands of the spectrum of the motor current.
Further the grease was removed from a reducer and measurements were repeated in every 3 hours. The results of measurements after 24 hours of stand functioning are given in fig. 5 -7. The general level of vibration, equal 1144 mm/s 2 is recorded. The increase in average mean-square deviation of wavelet-coefficient of d5 from 0,11 up to 0,13 is traced. hours.
Fig. 6: The spectrum of vibration speed (mm/s) after 24 hours.
On the spectrum of vibration speed the rise of amplitude at a tooth frequency of a reducer (90 Hz) up to 1,5 mm/s and also emergence of a set of side harmonicas are observed. This fact shows the obvious presence of defect of a tooth gearing. Further experiments for determination of the maximum value of the general level of vibration and coefficient d5 were made (since it was more sensitive to such kind of defect). The received results: νmax = 2430 mm/s; d5max = 0,18.
By linear approximation the diagram of change for the general level of vibration during an operation of the stand (the trend) in the conditions of grease lack in a reducer ( fig. 8 ) is received. The diagram of change for the wavelet-coefficient d5 ( fig. 9 ) is similarly received. Further, the equations for approximation of experimental data were received: Now, by substituting in expression (1) of maximum values νmax and d5max, it is possible to define a residual life for operation of the stand in the current mode (2).
(2)
At continuous monitoring of the equipment it is necessary to recalculate the received values and plot the graphs with a certain period. It will lead to the greatest accuracy in determination of a residual life.
At real operation of the equipment where various modes of loading take place, use of criterion of Bailey is quite possible.
Conclusions
In this work the algorithm for definition of residual service life is developed. Mechanical and electric diagnostic parameters of the electromechanical drive were considered. It is shown that change of a spectrum of vibration speed and coefficients of the wavelet-analysis of electric current of the stator is directly connected with existence or lack of defects. 
Acknowledgments

